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Background of the Invention 
Field of the Invention 

The present invention relates to a schedule 
execution managing apparatus, method and system, that 
is, a schedule execution managing apparatus managing 
the execution of one or more schedules by using a time 
or a different condition as a trigger, and more 
particularly, to a schedule execution managing 
apparatus and method that facilitates a schedule change 
in an emergency and allows a schedule definition to be 
easily reused in a different environment. 

Description of the Related Art 

It is assumed that a schedule targeted by the 
present invention is defined as a combination of the 
content of a job and its planned start time information. 
If a plurality of contents of jobs are executed in 
parallel under the management of a schedule execution 
managing apparatus according to the present invention, 
each of the jobs belongs to a particular schedule. Namely, 
a plurality of schedules normally run in parallel. 

With a conventional system for such schedule 
execution, for example, "every day", "every week", 



"specified date", etc., can be specified as a schedule 
execution day, but a start time is specified with an 
absolute time . 

Additionally, although a particular schedule can 
be manually executed in an emergency, a schedule 
associated with the executed schedule cannot be made 
to run by automatically changing its start time. 

Furthermore, a schedule A can be executed by 
setting a predetermined time interval after a schedule 
B is terminated. However, there is no method changing 
the start time of the schedule A so as to set a 
predetermined time interval in synchronization with a 
change in the start time or in the execution time of 
the schedule B. 

A first problem in such a conventional technique 
is the lack of flexibility in an emergency. Namely, if 
a plurality of schedules correlate to one another, and 
if the start time of each of the schedules is specified 
with an absolute time, associated schedules must be 
manually extracted, and the start times of all of the 
schedules must be manually reset when the start time 
of any of the schedules must be urgently changed. 

Also, if reuse of schedule information is desired 
in a different environment, for example, under which 
an operation time is different, other than in an 



emergency, the start time must be manually set. 

A second problem is that there is a difficulty 
associated with a change in the start time of the 
schedule B on which the schedule A has a dependency. 
On the premise that the schedule A has a dependency on 
the schedule B, and is started after a predetermined 
amount of time elapses from the termination point of 
the schedule B, the start time of the schedule A cannot 
be automatically changed while maintaining the above 
described execution interval if the start time or the 
execution time of the schedule B is changed. 

Summary of the Invention 

An object of the present invention is to provide 
a schedule execution managing apparatus and method that 
facilitates a schedule change in an emergency, and 
allows schedule information to be easily reused in a 
different environment so as to overcome the above 
described problems . 

According to one preferred embodiment of the 
present invention, a schedule execution managing 
apparatus managing the execution of one or more 
schedules comprises a planned start time setting unit, 
a planned start time storing unit, and a schedule 
execution controlling unit. 
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The planned start time setting unit sets the 
planned start time of a schedule in correspondence with 
a base time predetermined for each schedule, and an 
offset from the base time . The planned start time storing 
5 unit stores the planned start time set by the planned 
start time setting unit. The schedule execution 
controlling unit controls the start of each schedule 
based on the planned start time stored in the planned 
start time storing unit. 

10 The above described configuration may further 

comprise a planned start time changing unit changing 
the planned start times of a group of schedules using 
a changed base time as a base time in correspondence 
with the base time after being changed and an offset 

15 from the base time when the base time is changed, and 
rewriting the planned start times stored in the planned 
start time storing unit. With this configuration, the 
start times of schedules being a group using the same 
base time as a criterion of the planned start times can 

20 be changed by altering only the base time of the group 
of schedules. 

According to another preferred embodiment of the 
present invention, a schedule execution managing 
apparatus may comprise another planned start time 

25 setting unit the operations of which are different from 



those of the above described planned start time setting 
unit. In this case, the planned start time setting unit 
sets the planned start time of a schedule in 
correspondence with the end time of a different schedule 
having a dependency on the schedule and an offset from 
the end time. The operations of the planned start time 
storing unit and the schedule execution controlling unit 
are the same as those stated earlier. 

The above described configuration may further 
comprise a planned start time changing unit changing 
the planned start time of a schedule in correspondence 
with the end time of a different schedule and an offset 
from the end time, and rewriting the planned start time 
stored in the planned start time storing unit, if the 
end time of the different schedule' having a dependency 
on the schedule is changed. 

With this configuration, the end time of a 
schedule is only changed, so that the start time of a 
different schedule having a dependency on the schedule 
can be changed. As a result, a schedule change in an 
emergency can be easily made. 

According to a further preferred embodiment of the 
present invention, a schedule execution managing method 
managing the execution of one or more schedules 
comprises: setting the planned start time of a schedule 



in correspondence with a base time and an offset from 
the base time; storing the set planned start time; and 
controlling the start of the schedule by referencing 
the stored planned start time. 

The above described method may further comprise: 
resetting the planned start times of a group of schedules 
using a changed base time as a base time in 
correspondence with the base time after being changed 
and an offset when the base time is changed; storing 
the reset planned start times; and controlling the 
execution starts of the schedules by referencing the 
stored planned start times . Also with this configuration, 
the above described problems can be overcome. 

According to a still further preferred embodiment 
of the present invention, a schedule execution managing 
method managing the execution of one or more schedules 
comprises: setting the planned start time of a schedule 
in correspondence with the end time of a different 
schedule having a dependency on the schedule and an 
offset from the end time; storing the set planned start 
time; and controlling the execution start of the 
schedule by referencing the stored planned start time. 

The above described method may further comprise: 
resetting the planned start time of a schedule in 
correspondence with an end time after being changed and 



an offset from the end time when the end time of a 
different schedule having a dependency on the schedule 
is changed; storing the reset planned start time; and 
controlling the execution start of the schedule by 
referencing the stored planned start time. Also with 
this configuration, the above described problems can 
be overcome . 

According to a still further preferred embodiment, 
a computer-readable storage medium on which is recorded 
a program for causing a computer to perform a process 
for managing the execution of one or more schedules, 
said control process comprising: setting the planned 
start time of a schedule in correspondence with a base 
time and an offset from the base time; storing the set 
planned start time; and controlling the execution start 
of the schedule by referencing the stored planned start 
time . 

According to a still further preferred embodiment, 
a computer-readable storage medium on which is recorded 
a program for causing a computer to perform a process 
for managing the execution of one or more schedules, 
said process comprising: setting the planned start time 
of a schedule in correspondence with the end time of 
a different schedule having a dependency on the schedule 
and an offset from the end time; storing the set planned 
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start time; and controlling the start of the schedule 
by referencing the stored planned start time. 

As described above, according to the present 
invention, the planned start time of a schedule is set 
in correspondence with a predetermined base time and 
an offset from the base time, or in correspondence with 
the end time of a different schedule having a dependency 
on the schedule and an offset from the end time. 

Brief Description of the Drawings 

The features and advantages of the present 
invention will be more clearly appreciated from the 
following description taken in conjunction with the 
accompanying drawings in which like elements are denoted 
by like reference numerals and in which: 

Fig. 1 is a block diagram showing the principle 
of a configuration according to the present invention; 

Fig. 2 exemplifies the configuration of a schedule 
execution managing system for implementing the present 
invention; 

Fig. 3 exemplifies another configuration of the 
schedule execution managing system for implementing the 
present invention ; 

Fig. 4 is a block diagram showing the fundamental 
configuration of a schedule execution managing 



apparatus according to the present invention; 

Fig. 5 shows the entire structure of a storage area 
of a schedule information file; 

Fig. 6 exemplifies a data area 1 of the schedule 
information file, that is, a storage form of a schedule 
table; 

Fig. 7 exemplifies the contents stored in a record 
in the schedule table; 

Fig. 8 exemplifies the storage form of a base time 
information table; 

Fig. 9 exemplifies the contents stored in a record 
in the timetable; 

Fig. 10 is a flowchart showing the entire 
processing performed by a- request processing unit; 

Fig. 11 is a flowchart showing the details of a 
timetable initialization process; 

Fig. 12 is a flowchart showing the details of a 
timetable record change process; 

Fig. 13 is a flowchart showing the details of a 
planned start time setting process; 

Fig. 14 is a flowchart showing the details of a 
timetable update process 1; 

Fig. 15 is a flowchart showing the details of a 
timetable update process 2; 

Fig. 16 exemplifies schedules; 
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Fig. 17 exemplifies the base time information 

table ; 

Fig. 18 shows the execution progress of schedules; 

Fig. 19 shows the execution progress of schedules 
when a base time is changed; and 

Fig. 20 explains the loading of a program 
according to the present invention into a computer. 

Description of the Preferred Embodiments 

Fig. 1 is a block diagram showing the principle 
of a configuration according to the present invention. 
This figure is a block diagram showing the principle 
of the configuration of a schedule execution managing 
apparatus managing the parallel execution, etc. , of one 
or more, normally, a plurality of schedules. A schedule 
execution managing apparatus 1 comprises a planned start 
time setting unit 2, a planned start time storing unit 
3, and a schedule execution controlling unit 4. 

The planned start time setting unit 2 is, for 
example, a request processing unit of the schedule 
execution managing apparatus, and intended to set the 
planned start time of a schedule in correspondence with 
a predetermined base time and an offset from the base 
time . 

The planned start time storing unit 3 is, for 



example, a timetable, and intended to store the planned 
start time set by the planned start time setting unit 
2. 

The schedule execution controlling unit 4 is, for 
example, a schedule execution managing unit, and 
intended to control the execution start of a schedule 
by referencing the contents stored in the planned start 
time storing unit 3. 

The preferred embodiment according to the present 
invention may further comprise a planned start time 
changing unit changing the planned start times of a group 
of schedules using a changed base time as a base time 
in correspondence with the base time after being changed 
and an offset from the base time when the predetermined 
base time is changed, and rewriting the planned start 
times stored in the planned start time storing unit 3. 

The schedule execution managing apparatus 
according to the present invention may comprise a 
planned start time setting unit the operations of which 
are different from those of the above described planned 
start time setting unit. 

A block diagram of its configuration is the same 
as that shown in Fig. 1. However, the planned start time 
setting unit 2 sets the planned start time of a schedule 
in correspondence with the end time of a different 



schedule having a dependency on the schedule and an 
offset from the end time. 

The planned start time storing unit 3 stores a 
planned start time set as described above. The schedule 
execution controlling unit 4 controls the execution 
start of a schedule by referencing the contents stored 
in the planned start time storing unit 3 in a similar 
manner . 

The preferred embodiment according to the present 
invention may further comprise a planned start time 
changing unit changing the planned start time of a 
schedule having a dependency on a different schedule 
in correspondence with an end time after being changed 
and an offset from the end time, when the end time of 
the different schedule is changed, and rewriting the 
planned start time stored in the planned start time 
storing unit 3. 

Fig. 2 exemplifies one configuration of a schedule 
execution managing system to which a schedule execution 
managing apparatus according to the present invention 
is applied. In this figure, a server 10 fundamentally 
acts as the schedule execution managing apparatus 
according to the present invention. A host (computer) 
11 and a plurality of clients 12a through 12c are 
connected to the server 10. 



The server 10 executes, for example, a schedule 
A upon request of a client side, establishes a 
communications path to the host 11, issues a process 
request, and releases the communications path to the 
host 11. The host 11 processes this request for a 
predetermined amount of processing time. 

The server 10 starts a schedule B after a 
predetermined amount of time, that is, a time interval 
sufficient for processing the request on the host 11 
side elapses from the end time of the schedule A, 
reestablishes a communications path to the host 11, 
receives a process execution result, and returns the 
result to the client side. 

If a schedule A must be terminated before the 
execution of a schedule B is started, the schedule A 
is referred to as a dependency source schedule of the 
schedule B in this specification. By specifying A as 
the dependency source schedule of B, it becomes possible 
to stop the execution start of the schedule B (dependency 
destination schedule) until the schedule A is 
terminated . 

Fig. 3 exemplifies another configuration of a 
schedule execution managing system to which the schedule 
execution managing apparatus according to the present 
invention is applied. In this figure, a computer 20 is 



connected to a Web server 22 via a network 21. A mouse 
23, a keyboard 24, and a display 25 are connected to 
the computer 20. 

In Fig. 3, the computer 20 establishes a 
communications path to the Web server 22, for example, 
during the night and obtains data, and a user views the 
data according to a schedule B when the morning comes. 
If schedules A and B perform only processes closed within 
the computer 20, a stand-alone computer that is not 
connected to a network is available as the computer 20. 

According to the present invention, two 
specification methods such as a base time specification 
method, a relative time specification method may be used 
as a method specifying the start time of a schedule in 
addition to the conventional absolute time 
specification method . 

With the base time specification method, a 
particular time is used as a base time, to which a name, 
namely, a base time name is given, so that the base time 
can be registered along with an absolute time. The 
planned start time of a schedule can be specified by 
using the base time name and an offset time from the 
base time. 

With the relative time specification method, the 
planned start time of a schedule can be specified based 



on a dependency source schedule name and an offset time 
from the end time of the dependency source schedule. 

Fig. 4 is a block diagram showing the fundamental 
configuration of a schedule execution managing 
apparatus. In this figure, the schedule execution 
managing apparatus is fundamentally configured by a 
schedule reserving unit 31, a schedule executing unit 
32, and a schedule information file 33. 

In Fig. 4, the schedule reserving unit 31 
corresponds to, for example, a non-resident program 
invoked on demand within the server 10 shown in Fig. 
2, and is configured by an editing unit 34 editing the 
information of a schedule, and a change notifying unit 
35 notifying the schedule executing unit 32 of a schedule 
information change . 

The schedule executing unit 32 corresponds to, for 
example, a resident program that can be executed at any 
time while the power of the server 10 is turned on. The 
schedule executing unit 32 is configured by: a request 
processing unit 36 calculating the planned start time 
of a schedule in correspondence with, for example, a 
schedule information change notification from the 
schedule reserving unit 31; a schedule execution 
managing unit 37 managing the execution of a aschedule, 
a base timetable 38 storing a base time name and a 



corresponding base time; a timetable 39 storing the 
planned start time of a schedule, which is calculated 
by the request processing unit 36; and threads 40i 
through 40 n executing the contents of a schedule under 
the management of the schedule execution managing unit 
37. 

In this preferred embodiment, schedules are 
updated by the schedule executing unit 32 so that also 
a change in a base time or in the end time of a dependency 
source schedule can be dynamically coped with. 

Its first fundamental process is an automatic 
schedule update accompanying a change in the contents 
of the schedule information file 33. If the contents 
of the schedule information file 33, for example, a base 
time is changed, the schedule executing unit 32 converts 
the start time information specified by a base time name 
and an offset into actual time information when the 
schedule information change notification is received 
from the schedule reserving unit 32, or when the schedule 
information is reread periodically. 

The second fundamental process is a process for 
changing the start time of a schedule (dependency 
destination schedule) upon termination of a dependency 
source schedule. The schedule executing unit 32 executes 
the process for automatically calculating the planned 



start time of a dependency destination schedule when 
detecting the termination of the dependency source 
schedule, and for registering the calculated time to 
the timetable 39. 

The process of the schedule reserving unit 31 is 
further described below. First of all, the editing unit 
34 comprises a base time setting unit and a schedule 
setting unit, which are not shown in Fig. 4. The base 
time setting unit stores a pair of a base time name and 
a corresponding base time in the schedule information 
file 33, when the pair is input, for example, from a 
user . 

The schedule setting unit stores input 
information in the schedule information file 33 
according to the selection of a schedule specification 
method and necessary information input, which are made 
by the user. If an absolute time is first specified, 
this is input as a start time. 

If a base time is specified, for example, the base 
time name set by the base time setting unit is selected, 
and an offset time from the base time is input from a 
user. If a relative time is specified, the name of a 
schedule currently registered to the schedule 
information file 33 is selected as a dependency source 
schedule, and an offset time from the end time of the 
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dependency source schedule is input. 

After editing schedule information, the editing 
unit 34 issues a change notification request to the 
change notifying unit 35 to notify the schedule 
executing unit 32 of the schedule information change. 
Upon receipt of the request, the change notifying unit 
35 transmits a schedule information change notification 
to the request processing unit 36 within the schedule 
executing unit 32. 

The processes of the schedule executing unit 32 
are performed by the request processing unit 36, the 
schedule execution managing unit 37, and the plurality 
of execution threads 40i through 40 n - The processes of 
the request processing unit 36 will be described later 
by using flowcharts. Here, their outlines are explained. 

The request processing unit 36 performs the 
processes, for example, by receiving a message of the 
schedule information change notification from the 
schedule reserving unit 31. Such a message is logged 
for an analysis if a problem occurs later. The reason 
is that the outline of a performed process is grasped 
by tracing the flow of messages. For example, also the 
times at which the threads 40i to 40 n are invoked by the 
schedule execution managing unit 37 are logged depending 
on need. 
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The processes of the request processing unit 36 
are fundamentally classified into three types . The first 
process is a process performed when the schedule 
executing unit 32 itself is started. The schedule 
5 executing unit 32 is started, for example, when the power 
of the server 10 shown in Fig. 2 is turned on as described 
above. Also the request processing unit 36 is 
simultaneously started as a matter of course. The 

P 

%Q request processing unit 36 reads the contents of the 

m 

$± 10 schedule information file 33, stores base time 

P information among the read contents in the base 

! vi 

L 2 timetable 38 , registers the name, etc. of a schedule 

planned to be executed on the same day to the timetable 
W 39, and starts the schedule execution managing unit 37. 



fU 15 The second process of the request processing unit 

m 3 6 is a process performed when the schedule information 

file 33 is periodically reread, or when a schedule 
information change notification is received. The 
request processing unit 36 rereads the schedule 
20 information file 33, for example, once in a day, or reads 
the schedule information file 33 upon receipt of the 
schedule information change notification from the 
schedule reserving unit 31. With the second process, 
the contents of the base timetable 38 are updated, and 
25 at the same time, a record corresponding to each schedule 
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stored in the timetable 39 is updated on demand. 

The third process of the request processing unit 
36 is a process performed when a schedule execution 
result is received from the execution threads. The 
execution threads 40i through 40 n are invoked by the 
schedule execution managing unit 37. They transmit the 
name and the end time of an executed schedule to the 
request processing unit 36 in addition to an execution 
result when the schedule requested to be executed is 
terminated . 

Upon receipt of the execution result, the request 
processing unit 3 6 updates the contents of the record 
corresponding to the name of the executed schedule, and 
calculates the planned start time of the record for which 
the schedule having the name of the executed schedule 
is specified as a dependency source schedule. 

Here, a planned start time calculation method is 
explained. If time specification classification is 
absolute time specification, an offset value is defined 
as a planned start time. If the time specification 
classification is base time specification, a 
corresponding base time is referenced from the base 
timetable 38 by using a base time name as a key. The 
base time and an offset are added and defined as a planned 
start time. If the time specification classification 



is relative time specification, an offset is added to 
the end time of a dependency source schedule, so that 
the planned start time is obtained. 

The schedule execution managing unit 37 shown in 
Fig. 4 references the timetable 39 periodically, for 
example, every 30 seconds or every minute. If the state, 
which will be described later, of a schedule is "waiting 
to be executed", and its start time is already past at 
a current time, the schedule execution managing unit 
37 changes the state of this schedule to "during 
execution", invokes the execution threads, and issues 
an execution request to which the name and the contents 
of the schedule are attached. 

The execution threads 40i through 40 n execute the 
schedule that the schedule execution managing unit 37 
requests to execute, transmit to the request processing 
unit 36 an execution result to which the name and the 
end time of the executed schedule are attached upon 
completion of the execution, and terminate the 
operations . 

Contents stored in the schedule information file 
33, the base timetable 38, and the timetable 39, which 
are shown in Fig. 4, will be explained. Fig. 5 shows 
the entire contents stored in the schedule information 
file 33. In this figure, schedule information is 



fundamentally composed of three areas such as a 
management area as a header, a data area 1, and a data 
area 2. The management area as a header stores the 
version level of a file, the number of data areas N (2 
in this case) , and pointers pointing to the respective 
data areas. 

The data area 1 is an area for storing data 
corresponding to each schedule, and referred to as a 
schedule table. Contents stored in this area will be 
described later. The data area 2 is an area for storing 
a base time name and a base time as a pair, and referred 
to as a base time information table. 

Fig. 6 explains the details of the data area 1 
shown in Fig. 5. In the data area 1, that is, the schedule 
table, records are stored for respective schedules. 
Assuming that the number of schedules, namely, the 
number of records is Nl, the number of records Nl is 
stored at the beginning of the table, and Nl records 
are stored next. 

Fig. 7 shows the details of the contents stored 
in each record shown in Fig. 6, namely, the record 
corresponding to each schedule in the schedule table. 
A record length is stored at the beginning of the record. 
This is because the contents of a schedule, which will 
be described later, have a variable length. Next, a 



schedule name is stored, and existing attribute 
information is stored subsequently to the schedule name . 
The existing attribute information is attribute data 
such as "daily execution", "specified date execution", 
etc . 

Next, time specification classification is stored. 
This is intended to specify any of the above described 
absolute time specification, base time specification, 
and relative time specification. As an offset stored 
next, an absolute time is stored if the time 
specification classification is the absolute time 
specification, an offset from a base time if the time 
specification classification is the base time 
specification, and an offset from the end time of a 
dependency source schedule if the time specification 
classification is the relative time specification. 

As a dependency source schedule name stored next, 
a dependency source schedule is specified if it exists. 
This specification is essential for the relative time 
specification. Next, a base time name is the name of 
a base time used for the base time specification. 
Schedule contents stored last are the specific contents 
of execution of a schedule. The length of the schedule 
contents varies depending on each schedule as a matter 
of course. 



Fig. 8 exemplifies the contents stored in the data 
area 2 shown in Fig, 5, that is, the base time information 
table. The number of records N2 as base times is stored 
at the beginning of the table, and N2 records each 
storing a base time name and a base time as a pair are 
stored next. Here, the base time name is a name given 
to the base time referenced in correspondence with a 
schedule for which the base time specification is made. 
As the base time, an absolute time is specified. 

Contents stored in the base timetable 38 shown in 
Fig. 4 are the same as those of the data area 2, namely, 
the base time information table explained by referencing 
Fig . 8 . That is , upon receipt of the schedule information 
change notification from the schedule reserving unit 
31, the request processing unit 36 reads the contents 
of the data area 2 within the schedule information file 
33, and stores the read contents in the base timetable 
38 as described above. 

The data storage format of the timetable 39 shown 
in Fig. 4 is fundamentally the same as that of the data 
area 1, namely, the schedule table explained by 
referencing Fig. 6 except for a partial difference in 
the contents of a record. 

Fig. 9 exemplifies the contents stored in one 
record of the timetable 39, that is, a record 



corresponding to each schedule. Because the stored 
contents are similar to those of the record in the 
schedule table shown in Fig. 7, only different portions 
are described here. 

First of all, a change flag is stored next to a 
record length in Fig. 9. This is a flag for deleting 
a record that is currently stored in the timetable 39 
and whose execution is no longer required, for example, 
when the request processing unit 36 periodically rereads 
the contents of the schedule information file 33, and 
stores in the timetable 39 the record corresponding to 
the schedule planned to be executed on the same day. 

As a planned start time, the fixed planned start 
time of a schedule is stored when the schedule 
information file 33 is read if a dependency source 
schedule is not specified, or when the dependency source 
schedule is terminated if it is specified. If the 
dependency source schedule is specified and has not been 
terminated yet, a value indicating "unfixed" is stored 
as the planned start time. 

As an end time, the end time of a schedule is stored. 
For the relative time specification, this is referenced 
when the start time of a dependency destination schedule 
is determined by adding the end time of a dependency 
source schedule and an offset upon termination of the 



dependency source schedule. As a state, the value 
indicating any of "waiting to be executed", "waiting 
for dependency source schedule termination", "during 
execution", and "termination" is stored, "waiting to 
be executed" is a state where the execution start of 
a schedule is waited, and its planned start time is fixed 
with an absolute time when a dependency source schedule 
does not exist or the dependency source schedule is 
terminated, "waiting for dependency source schedule 
termination" is a state where the termination of a 
dependency source schedule is waited. "during 
execution" is a state where a schedule is being executed 
by the execution threads, "termination" is a state where 
the execution of a schedule has been completed. 

For accesses to the above described schedule 
information file 33, base timetable 38, and timetable 
39, an exclusive process must be performed as occasion 
demands. Namely, for an access to the schedule 
information file 33, the exclusive process must be 
performed between the schedule reserving unit 31 and 
the schedule executing unit 32. For accesses to the base 
timetable 38 and the timetable 39, the exclusive process 
must be performed between the request processing unit 
36 and the schedule execution managing unit 37. 

This exclusive process can be implemented by using 



a synchronization object not shown in Fig. 4. By way 
of example, both of the schedule reserving unit 31 and 
the schedule executing unit 32 can reference the 
synchronization object. A unit that obtains an access 
right to the synchronization object acquires an access 
right, for example, to the schedule information file 
33, and releases the right after making an access to 
the file. The synchronization object enters a non-signal 
state when either of the schedule reserving unit 31 and 
the schedule executing unit 32 accesses the schedule 
information file 33. One of the units is locked until 
the other releases the synchronization object, makes 
the object enter a signal state. Such an exclusive 
control can be implemented by using the exclusive 
capability of an OS file system. 

Next, the processes of the request processing unit 
36 shown in Fig. 4 will be described in detail by using 
the flowcharts shown in Figs. 10 through 15. Fig. 10 
is a flowchart showing the entire processing performed 
by the request processing unit 36. This processing is 
started, for example, when the power of the server 10 
shown in Fig. 2 is turned on as described above. 

Once the processing is started in Fig. 10, a thread 
for generating a periodical reread message not shown 
in Fig, 4 is invoked in step SI. This step is intended 
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to invoke a thread providing the request processing unit 
36 with a message for reading the contents of the 
schedule information file 33, for example, once in a 
day. It is not always necessary to invoke such a thread 
for a periodical reread. By way of example, a time may 
be continuously monitored, and the request processing 
unit 36 itself may perform a periodical reread at the 
time when the reread must be performed. However, this 
preferred embodiment assumes that such a thread is 
invoked, and a periodical reread is performed upon 
receipt of the message from the invoked thread. 

In Fig. 10, data is stored in the base timetable 
38 in step S2 . Namely, the contents of the base time 
information table stored in the data area 2 of the 
schedule information file 33 are read and stored in the 
base timetable 38 unchanged. 

Then, in step S3, an initialization process for 
the timetable 39 is performed. This process will be 
described by referencing Fig. 11. In step S4 r the 
schedule execution managing unit 37 is started, and 
thereafter, message reception is continuously 
monitored, for example, until the power is turned off. 

When the request processing unit 36 receives a 
message, the type of the received message is determined 
in step S5. If the received message is a message from 



the thread which is invoked in step SI and generates 
a periodical reread message, or if the received message 
is a message of the schedule information change 
notification received from the schedule reserving unit 
31, a timetable update process 1 is performed in step 
S6. The processes in and after step S5 are then repeated. 

If the received message is a message of the 
execution result notification from the execution 
threads, a timetable update process 2 is performed in 
step S7. The processes in and after step S5 are then 
repeated. The timetable update processes 1 and 2 will 
be described in detail by referencing Figs. 14 and 15. 

Fig. 11 is a flowchart showing the details of step 
S3 shown in Fig. 10, that is, the timetable 
initialization process. Once the process is started in 
this figure, the initial record is extracted from the 
schedule table, that is, the data area 1 of the schedule 
information file 33 in step S10. Next, it is determined 
whether or not the record has been extracted in step 
Sll. If the record has been extracted, it is then 
determined whether or not the schedule of the extracted 
record is planned to be executed on the same day 
according to the contents of the above described 
existing attribute information in step S12 . If the 
schedule is planned to be executed on the same day, a 
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new area is secured for this record in the timetable 
in step S13, and a timetable record change process is 
performed in step S14. This process will be described 
by referencing Fig. 12. 

Upon termination of the timetable record change 
process, the next record is extracted from the schedule 
table in step S15. The processes in and after step Sll 
are then repeated. If it is determined that the extracted 
record is not the record planned to be executed on the 
same day in step S12, the processes in and after step 
S15 are repeated without performing the processes in 
steps S13 and S14. If it is determined that the record 
is not extracted, that is, all of the records stored 
in the schedule table have been processed in step Sll, 
the timetable initialization process is terminated. 

Fig. 12 is a flowchart showing the details of step 
S14 shown in Fig. 11, namely, the timetable record change 
process. Performed here is a process for transferring 
data that can be transferred unchanged within the 
contents of a record in the schedule table to the record 
storage area newly secured in the timetable in step S13 
of Fig. 11, and for storing the transferred data as a 
new record. 

Once the process is started in Fig. 12, data of 
the schedule table such as a schedule name, time 



specification classification, etc., which can be 
transferred unchanged, are transferred as the contents 
of a record in the timetable in step S20. The end time 
of the record in the timetable is set to "unfixed" in 
step S21. Then, it is determined whether or not a 
dependency source schedule is specified in step S22. 

If it is determined that the dependency source 
schedule is specified, the state of the record in the 
timetable is set to "waiting for dependency source 
schedule termination" in step S23, and the planned start 
time is set to "unfixed" in step S24. Here, the process 
is terminated. If it is determined that the dependency 
source schedule is not specified in step S22, the state 
of the record is set to "waiting to be executed" in step 
S25, and a planned start time setting process is 
performed in step S26. Here, the process is terminated. 
The planned start time setting process will be explained 
next by referencing Fig. 13. 

Fig. 13 is a flowchart showing the details of step 
S26 shown in Fig. 12, that is, the planned start time 
setting process. Once the process is started in this 
figure, start time specification classification is 
determined. If the start time specification 
classification is the absolute time specification, "0" 
is assigned to a working memory (WORK) in step S31. If 
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the start time specification classification is the base 
time specification, the base timetable 38 is searched, 
and the searched base time is stored in the WORK in step 
S32. If the start time specification classification is 
the relative time specification, the end time of the 
record corresponding to a dependency source schedule 
name is stored in the WORK in step S33. 

The contents of the working memory WORK and an 
offset are added to obtain the planned start time in 
step S34 after the process in step S31, S32, or S33 is 
performed. Here, the planned start time setting process 
is terminated. 

Fig. 14 is a flowchart showing the details of step 
S6 shown in Fig. 10, that is, the timetable update 
process 1. This is a process for updating the contents 
stored in the timetable 39 along with the base timetable 
38 by using the contents of the schedule information 
file 33, for example, in correspondence with a 
periodical reread once in a day, or the schedule 
information change notification from the schedule 
reserving unit 31 . 

Once the process is started in Fig. 14, the 
contents of the base timetable 38 are updated in step 
S40. Next, change flags for all of the records stored 
in the timetable 39 are reset in step S41. Then, one 



record planned to be executed on the same day among the 
records stored in the schedule table in the schedule 
information file 33, namely, the data area 1 is read, 
for example, from the beginning of the table in step 
S42. 

Then, it is determined whether or not the record 
has been read in step S43. If it is determined that the 
record has been read, it is further determined whether 
or not the read record has the same schedule name as 
any of the records registered to the timetable 39, and 
corresponds to the currently registered record in step 
S44. If the read record corresponds to the currently 
registered record, the change flag of this record is 
set in step S45, and the state of the record stored in 
the timetable 39 is determined in step S46. 

If the state of the record is "waiting to be 
executed" or "waiting for dependency source schedule 
termination", the record can be updated. Then, the 
timetable record change process, namely, the process 
shown in Fig. 12 is performed in step S47. 

In step S48, it is determined whether or not a 
dependency source schedule is specified within the 
updated record. If the dependency source schedule is 
specified, it is further determined whether or not the 
dependency source schedule has been terminated in step 



S4 9. If the dependency source schedule has been 
terminated, the state of the updated record is set to 
"waiting to be executed" in step S50. Then, the planned 
start time setting process, namely, the process shown 
in Fig. 13 is performed in step S51. The next record 
planned to be executed on the same day is read from the 
schedule table in step S52. The processes in and after 
step S43 are then repeated. 

If the record planned to be executed on the same 
day, which is read from the schedule table, does not 
correspond to the record currently registered to the 
timetable 39 in step S44, a new area is secured in the 
timetable 39 in step S55, and the change flag is set 
in step S56. The processes in and after step S47 are 
then repeated. 

If the state of the record currently stored in the 
timetable 39 is "during execution" or "termination" in 
step S46, update of the record at a periodical reread, 
for example, once in a day is meaningless. Therefore, 
the processes in and after step S52 are repeated without 
performing the processes in steps S47 through S51. 
Additionally, the processes in and after step S52 are 
repeated without performing the processes in steps S49 
through S51 if the dependency source schedule is not 
specified in step S48, or without performing the 
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processes in steps S50 and S51 if the dependency source 
schedule has not been terminated yet in step S4 9. 

If it is determined that the record has not been 
read in step S43, this means that all the records planned 
to be executed on the same day have been read among the 
records stored in the schedule table. Accordingly, one 
record whose change flag is reset is extracted from among 
the records stored in the timetable 39 in step S58, and 
it is determined whether or not the record has been 
extracted in step S59. If the record has been extracted, 
it is further determined whether or not the state of 
the extracted record is "during execution", or whether 
the record is a dependency source schedule of either 
an updated record or a newly stored record whose change 
flag is set within the timetable. If it is determined 
that the extracted record is not the dependency source 
schedule described above, there is no need to leave this 
record in the timetable 39. Therefore, this record is 
deleted from the timetable 39 in step S61. The next 
record whose change flag is reset is then extracted in 
step S62, and the processes in and after step S59 are 
repeated . 

If it is determined that the state of the extracted 
record is "during execution", or the extracted record 
is specified as the dependency source schedule of either 



an updated record or a newly stored record within the 
timetable 39, the processes in and after step S62 are 
repeated without performing the process in step S61. 
The timetable update process 1 is terminated when it 
is determined that the record whose change flag is reset 
is not extracted in step S59. 

Fig. 15 is a flowchart showing the details of step 
S7 shown in Fig. 10, that is, the timetable update 
process 2. This is a process performed when an execution 
result is transmitted from the execution threads to the 
request processing unit 36 upon termination of the 
execution of a schedule in Fig. 4 as described above. 

Once the process is started in Fig. 15, the record 
having the name of an executed schedule transmitted as 
an execution result is searched in the timetable 39 in 
step S70. The state of the searched record is set to 
"termination", the end time is set to the time notified 
from the execution threads, and the dependency source 
schedule name is set to "none" in step S72. The record 
whose dependency source schedule name matches the name 
of the executed schedule returned as the execution 
result is searched among the records whose dependency 
source schedules are specified in the timetable 39. 

It is determined whether or not such a record is 
found in step S73. If such a record is found, it is 



further determined whether or not the state of the record 
is still "waiting for dependency source schedule 
termination" in step S74. If the state is determined 
to be the "waiting for dependency source schedule 
termination", it is changed to the "waiting to be 
executed" in step S75. This is because the dependency 
source schedule of the searched record has been 
terminated. Then, the planned start time setting process , 
that is, the process shown in Fig. 13 is performed in 
step S76. The next record whose dependency source 
schedule is specified as the executed schedule is 
searched in a similar manner as in step S77. The 
processes in and after step S73 are then repeated. 

If the state of the searched record is determined 
not to be the "waiting for dependency source schedule 
termination" in step S74, the processes in and after 
step S77 are repeated without performing the processes 
in steps S75 and S76. The timetable update process 2 
is terminated when the record whose dependency source 
schedule is specified as the name of the executed 
schedule being the execution result is not found in step 
.S73. 

Next, a specific example of schedules and their 
execution progress are explained by referencing Figs. 
16 through 19. Fig. 16 exemplifies schedules. Although 
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six schedules SI through S6 are shown, their record 
lengths, existing attribute information, and schedule 
contents are omitted in this figure. It is assumed that 
execution period of each schedule is, for example, 30 
minutes . 

Fig. 17 exemplifies the contents of the base time 
information table, namely, the data area 2 of the 
schedule information file 33. This figure shows that 
a base time having a base time name Bl is 18:00 on an 
absolute time basis. 

Fig. 18 shows the execution progress of the 
schedules when the base time is not changed. Here, assume 
that the read operation of the schedule information file 
33 by the request processing unit 36 is terminated, for 
example, at 16:00. 

For the schedules SI, S3, and S6 whose dependency 
source schedules are not specified, their planned start 
times are determined in correspondence with the absolute 
time specification or the base time specification method, 
when the schedule information file 33 is read. The 
determined planned start times are registered to the 
timetable 39, and these schedules immediately enter the 
state of "waiting to be executed". The schedules are 
respectively executed at the planned start times. 

The schedules S2, S4, and S5 whose dependency 



source schedules are specified enter the state of 
"waiting for dependency source schedule termination", 
when the schedule information file 33 is read. Since 
the dependency source schedule of S2 among these 
schedules is SI, the planned start time of S2 is set 
to 19:40 with the absolute time specification method 
at 19:30 when SI is terminated. SI therefore enters the 
state of "waiting to be executed", and its execution 
is started at that planned start time. 

Also the dependency source schedule of S4 is SI, 
and the planned start time of S4 is set to 18:40 in the 
timetable 39 by making a calculation with the base time 
specification method at the termination point of SI, 
namely, at 19:30. However, since the planned start time 
is already past, the execution of S4 is started at the 
timing when the schedule execution managing unit 37 
references the timetable 39 next, for example, at 
19:30:30 if the reference is made at every 30 seconds. 
Furthermore, the dependency source schedule of S5 is 
S3, and the planned start time of S5 is set to 19:10 
in the timetable 39 at 18:50 when S3 is terminated, by 
making a calculation with the relative time 
specification method. As a result, the execution of S5 
is started at the set start time. 

Fig. 19 shows the execution progress of the 
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schedules when a base time having a base time name Bl 
is changed to 19:00, for example, at 16:30. The planned 
start times of the schedules SI, S3, and S6 whose 
dependency source schedules are not specified are 
determined when the schedule information file 33 is read, 
and they start to be executed at their planned start 
times in a similar manner as in Fig. 18. The execution 
start of SI is the same as that in Fig. 18, but the 
execution starts of S3 and S6 are one hour behind. 

For the schedules S2, S4, and S6 whose dependency 
source schedules are specified, they enter the state 
of "waiting for dependency source schedule termination" 
when the schedule information file 33 is read, in a 
similar manner as in Fig. 18. The start time of S2 is 
the same as that in Fig. 18 . 

For the schedule S4, its planned start time is set 
to 19:40 in the timetable 39 at 19:30 when SI is 
terminated, in a similar manner as in Fig. 18. 
Consequently, its start is 10 minutes (more precisely, 
9 minutes and 30 seconds) behind Fig. 18. 

For the schedule S5, its dependency source is S3, 
and the termination of S3 is one hour behind Fig. 18. 
Therefore, the planned start time of S5 is set to 20:10 
in the timetable 39 at the termination point of S3, 
namely, 19:50. Consequently, the execution start of S5 



is one hour behind Fig. 18. 

With such a change in the base time Bl, not only 
the planned start time of S6 whose offset from the base 
time is 0, but also the planned start times of S3, S4, 
and S5 are automatically changed in synchronization. 
Namely, for a group of schedules for which base time 
specification is made by using the same base time as 
a criterion, the planned start times of all of the 
schedules can be changed by altering only the base time. 

Furthermore, although the start time of S3 is 
changed and its termination is one hour behind, the time 
interval from when S3 is terminated until when S5 being 
the dependency destination schedule is started remains 
unchanged even after the base time is changed. Namely, 
a group of schedules, for which the relative time 
specification is made, can be executed while maintaining 
an originally planned execution interval after a 
dependency source schedule is terminated, even if a 
change in the start time or the execution time of the 
dependency source schedule occurs. 

Explained last is the loading of a program for 
implementing a schedule execution management according 
to the present invention into a computer. A schedule 
execution managing apparatus according to the present 
invention can be configured by a general computer such 



as the server 10 shown in Fig. 2, or the computer 20 
shown in Fig. 3. Fig. 20 shows the configuration of such 
a computer. A computer 51 is configured by a main body 
52 and a memory 53. 

As the memory 53, various storage devices such as 
a random access memory (RAM) , a hard disk, a magnetic 
disk, etc. are available. In such a memory 53, a program 
corresponding to the schedule reserving unit 31 or the 
schedule executing unit 32, which is shown in Fig. 4, 
a program represented by the flowcharts of Figs. 10 
through 15, etc. are stored. The programs are executed 
by the main body 52, so that the schedule execution 
management according to the present invention can be 
implemented. 

The programs for implementing the present 
invention can be executed by being loaded from a program 
provider side to the computer 51 via a network 54, or 
by being stored onto a marketed and distributed portable 
storage medium 55 and loaded into the computer 51. As 
the portable storage medium 55, storage media in various 
forms such as a CD-ROM, a floppy disk, an optical disk, 
a magneto-optical disk, etc., are available. The above 
described programs are stored onto such a storage medium, 
and executed by the computer 51, whereby the schedule 
execution management according to the present invention 



can be implemented. 

Up to this point, the preferred embodiments 
according to the present invention have been described 
in detail. However, preferred embodiments according to 
the present invention are not limited to the above 
described embodiments, and various embodiments can be 
implemented within the scope of the claims. By way of 
example, the schedule information file is configured 
by the data areas 1 and 2 in Fig. 5. However, the data 
areas 1 and 2 may be configured as separate files as 
a matter of course. Furthermore, schedule contents may 
be stored in a separate file in order to make the length 
of a record stored in these data areas fixed. Or, such 
a file is stored in the form of a database, thereby using 
a database management system (DBMS) in order to search 
the database. As a result, a search in the timetable 
or schedule information is facilitated. 

As described above in detail, according to the 
present invention, if a schedule A is started while 
maintaining a predetermined time interval after a 
schedule B is terminated, the time interval until the 
execution start of the schedule A can be maintained even 
if the start time, the execution time, etc. of the 
schedule B are changed. Accordingly, a schedule change 
in an emergency, for example, during the management of 



a train service schedule, etc. is facilitated. Also, 
if the definition of a schedule is reused in a different 
environment, the start times of all of schedules can 
be automatically changed by altering, for example, only 
a base time. This significantly contributes to an 
improvement in practicability of the schedule execution 
managing system. 

While the invention has been described with 
reference to the preferred embodiments thereof, various 
modifications and changes may be made to those skilled 
in the art without departing from the true spirit and 
scope of the invention as defined by the claims thereof. 



